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Dust accumulation is of critical issue in fusion 
devices because of their chemical activity, tritium retention, 
radioactive content and explosiveness. They may lead to 
operational issues such as deterioration of plasma 
confinement.1) It is indispensable to reduce dust 
accumulation in the vessel to realize the long term operation. 
So far we have revealed that large amount of dust particles 
in a nanometer size range exist in the large helical device 
(LHD).2) We also have carried out short-term dust collection 
during main discharges in the 15th campaign using dc-
biased substrates and found that positive local potential can 
be useful for removing carbon and metal dust particles 
below 50 nm in size and negative local potential can be 
useful for suppressing accumulation of dust particles.3) Here 
we report on short-term dust collection from the 15th 
campaign to the 17th campaign as well as long-term dust 
collection during the entire period of 17th campaign.  
For the short-term dust collections, dc-biased Si 
substrates located at the bottom of the first wall at the 4.5L 
port during main discharges. The collections in the 17th 
campaign were conducted 2 times on 11th – 12th Jan. 2013, 
and 17th – 18th Jan. 2013. The bias voltage (Vbias) was set 
from -200 V to +150 V. The substrates were exposed by 
main discharges of 1488 s and 862 s, respectively. The size 
and shape of the deposited dust particles were measured by 
scanning electron microscopy (SEM). The dust flux on the 
substrates was obtained from the discharge period and the 
area density of the number of the particles between 50 nm to 
1 Pm in size. For the long-term dust collection, grounded 
and negatively biased Si substrates were set on 7O port. The 
substrates were exposed to both main and glow discharges 
during the entire period of 17th campaign. We analyzed the 
deposition on the Si substrates using SEM equipped with 
energy dispersive X-ray (EDX) analysis. 
Collected dust particles can be classified into two 
kinds: spherical particles and flakes. Figure 1 shows bias 
voltage dependence of the dust flux. The flux of spherical 
dust increases exponentially with increasing the bias voltage 
from -70 to +90 V then the flux decreases with further 
increasing the bias voltage. For flakes, the highest flux is 
obtained for the voltage of +30 V. These results suggest that 
bias voltages from -70 V to +90 V is better for dust 
transport control for dust particles between 50 nm and 1 Pm 
in size. Further study is required to reveal the difference 
between the bias dependence of spherical dust and that of 
flakes.   
For the long-term dust collection, deposition layer are 
formed on the substrates. Major composition of the layer is 
carbon, which is primary component of divertor plates in 
LHD. Figure 2 shows cross sectional SEM images of the 
deposited films. The thickness for Vbias= -70 V is 317.9 nm, 
being larger than 233.0 nm for Vbias= 0 V. Bright spots 
below 50 nm in size are observed in the layer for Vbias= -70 
V while a few such spots exit for Vbias= 0V. In addition, 
some voids exist at the interface between the carbon films 
and the substrates. The size and number of voids for Vbias=-
70 V are larger than that for Vbias= 0 V.  
For the short-term collections, the flux of dust 
particles for Vbias=-70 V is much smaller than that for Vbias= 
0V, whereas the film thickness for Vbias= -70 V is larger 
than that for Vbias= 0 V. The deposition of positively 
charged dust particles during the glow discharges and/or 
flux of ions impinging to film surface may lead to the 
difference. 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
Fig. 1. Bias voltage dependence of dust flux toward Si 
substrates for the short-term dust collection. (a) 
spherical dust, (b) flakes. These flux was obtained 
from the area density of the particles between 50 nm to 
1Pm in size and the discharge period.  
  
  
  
  
  
  
  
  
  
  
Fig. 2. SEM images of cross section of deposited films 
on Si substrates for the long-term dust collection, for 
(a) Vbias= -70 V, (b) Vbias= 0 V.  
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For observation and analysis of trajectories of the dust 
particles, the experiment was conducted with spherical 
carbon dusts and the high speed stereo camera. The dust 
particle is inserted into the LHD through the dust holder set 
on the plasma orbit. If the trajectory of the dust particles is 
precisely obtained, the relationship between dust and plasma 
may be analyzed. In this research, a measurement method of 
dust trajectories from the sequential stereo images is 
proposed. This includes the calibration of the stereo camera 
on the basis of the stereo images and the CAD data of the 
reactor. In the explanation of the measurement method, an 
investigation of particle tracking methods is conducted to 
obtain a multitude of dust trajectory automatically. 
Moreover, a new stereo matching method is also proposed 
to enable better performance of stereo matching of high 
density dust. 
In order to obtain the coordinates of the dust particles, a 
dust extraction process must be executed to the target stereo 
images. The dust particles in the images are consist of about 
10 pixels. Therefore, they look like powder. We focused on 
such an intensity pattern, and Difference of Gaussian (DoG) 
is applied to the stereo images. DoG acts like a band pass 
filter in a frequency region. It can remove the row frequency 
content, such as the background structure, and the high 
frequency content, such as noise components, and the only 
dust pixels remain. After the process, thresholding is applied 
to the images to eliminate noise components. The window 
sizes of DoG are three by three and eleven by eleven. The 
parameter Ȫ of the small window of the DoG is 0.8, and 
the other one is 2.0. The threshold value is 10. The result of 
this procedure is displayed in Fig. 1. In this figure, the top 
image is the input image and the bottom image is the 
extracted dust image. 
We propose a new auto stereo matching method for high 
density dust. The main concept of the method is to make use 
of the dust trajectory data so far to predict the next 
coordinates of the dust. In order to link a dust particle in one 
image of the current frame to a previous particle in the 
trajectory data, the relaxation method is used. Once a dust in 
the focused frame is linked to a past trajectory data, the 
multi-evaluation criteria are applied for each matching 
candidate in the second of the stereo camera. First, the 
distance between two-dimensional coordinates of a dust 
particle and the coordinates predicted by the corresponding 
trajectory data is calculated. Second, three-dimensional 
distance between the coordinates is calculated by the 
corresponding points and the predicted coordinates. Third 
criteria is the distance from the epipolar line of the focused 
dust particle. The sum of all distance is treated as the 
evaluation score. The dust particle which has the minimum 
score is the result of the matching of the focused dust 
particle. 
We conducted an experiment to estimate the dust trajectory. 
The experimental result is shown in Fig. 2. Total 60 
trajectories were extracted from the 600 stereo image 
sequence. The dust holder which is the initial position of the 
dust particles is located on the LHD coordinate (x, y, 
z)=(2970, -1713, -1354). As can be seen, dust particles 
move above from the dust folder.  
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Figure 1 Result of dust extraction Figure 2 Result of dust tracking 
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